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Trypsin-inbibiting  substances  are  very  v;iclely  distributed  in  nature. 
They  have  found  in  mny  animal  and  plant  sources.    Tbey  first  were  observed  in 
Ascaris  (1,  2),  and  e^g  v/hite  (3)  at  the  beginning  of  this  centuryo  Although 
they  vjere  knovm  such  a  long  time  agOj  study  of  them  progressed  very  slovjly  due 
to  the  fact  that  knovj'ledgG  about  enxyi.nology  and  inhibitors  v.'as  limited. 

During  the  thirty  years  following  their  discovery,  little  progress  v;as 
made  in  the  study  of  tryptic  inhibitors «     Interest  vras  aroused  in  1931  when 
Northrop  and  Kunitz  reported  their  efforts  to  crystallize  trypsin  and  one  of 
its  inhibitors  (4,  5,  6)«    Thereafter,  this  inhibiting  substance,  vhich  had 
been  a  natter  of  speculation  for  so  long,  now  v/as  available  in  crystalline 
form.    Subsequently,  many  tryptic  inhibitors,  from  different  sources,  have 
been  isolated  and  characterized.     In  sorie  car.es,  the  results  of  different 
authors  did  not  agree  because  they  perforraed  eKperinionts  with  impure  inhi- 
bitors,   More  recently,  by  using  ion-exchange  column  for  more  e:itensive  puri- 
fication, these  discrepancies  have  been  eliminated  C7,  8,  5),    The  intro- 
duction of  column  techniques  lias  been  very  important  in  tryptic  inhibitor 
fractionation.    By  using  the:ri,  many  inhibitors  have  been  isolated  in  pure 
fors.i  (7-li), 

Trypsin  inhibitors  isolated  frcn  natural  sources,  in  laoct  cases,  are  gly- 
coproteins.   The  oC-h?.!!::  content  is  quite  Ic-.',    The  structure  is  largely  ter- 
tiary in  character  (12,  13),    The  inhibitory  action  v.'ith  trypsin  originally 
v.'as  thought  to  involve  forr;>aticn  of  an  inactive  conpleK  betv;een  trypsin  and 
the  inhibitor  Kith  secondary  interaction  (.lA) .    This  mechnisra  has  been  shotv-n 
to  be  incorrect.    Actually,  tlie  complex  fon-iation  involves  a  cleavage  of  an 
especially  sensitive  bond  in  the  inhibitor  by  trypsin  and  then  formation  c£  a 


covalent  bond  subsequently  bstu^cn  trypsin  and  the  inhibitor  (15-22).  The 
sensitive  bond  has  been  demonstrated  to  involve  either  lysine  or  arginine. 
This  lead  Haynes  and  Feeney  (23)  to  classify  tryptic  inhibitors  into  two 
groups: 

Lysine  inhibitors 

1,  Lima  bean  trypsin  inhibitor 

2,  Bovine  colostrm-i 

3,  Turkey  ovomucoid 

4,  Duck  ovomucoid 

5,  Cassov-ary  ovomucoid 

6,  Penguin  ovomucoid 
Arginine  inhibit  or s 

1,  Chicken  ovomucoid 

2,  Soybean  trypsin  inhibitor 

The  inhibitory  activity  of  naturally  occurring  trypsin  inhibitors  fol- 
lov7S  Sicond-order  kinetics  (23-25).    Ho'.jevei-,  it  is  much  more  con.plicated ,  3 
actually  involves  a  series  of  Michael is- type  conplexes  with  continuous  com- 
forrnaticn  changes  (23),    The  inhibitor  never  seecis  to  ezert  its  maximum  theo- 
retical effect  against  trypsin,    Tliere  is  an  equilibriuni  existing  betvjeen  ths 
virgin  and  the  modified  inhibitor  (26), 

Tlie  rratabolic  effects  cauf^ed  by  trypsin  inhibitor  include  depression  of 
gro\;th  and  reduction  in  food  utilisation  (27).    These  r.k'iy  bo  related  to  re- 
duced protein  digestion  resulting  fron  the  cnzyne-inhibitor  ccr.plex  formation 
(28),    FurtheriTjcre,  the  activities  of  other  enzyraes  such  as  xanthine  dehydro- 
genase, ::anthine  oxidase  and  s.rginase  decrease  significantly  in  the  presence 
of  trypsin  inhibitor  (29), 
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The  utilization  of  methionine  and'  cystine  also  is  affected  by  trypsin  in- 
hibitor.   Kv;ong  et  al  (30)  reported  that  in  the  presence  of  soybean  trypsin  in- 
hibitor an  increased  o::idation  of  rnethioninc  is  undoubtedly  related  to  an  in- 
creased conversion  of  raethionine  to  cypteinco    The  increased  cystine  require- 
ment is  due  to  a  metabolic  block  in  its  utilisation  for  protein  synthsis,  and 
methionine  supplenontation  acts  both  to  provide  more  cystine  and  to  make  up  the 
specific  deficiency  of  methionine  in  protein. 

Trypsin  inhibitors  of  plant  origin  have  been  studied  intensively  in  re- 
cent years.    The  presence  of  a  trypsin  inhibitor  in  alfalfa  seeds  was  reported 
by  Borchers  et  al  (31).    Kendall  (32)  also  demonstrated  trypsin  inhibition  by 
aqueous  cKtracts  of  fresh  alfalfa  forage.    Furthermore,  Mitchell  et  al  (33,  34) 
and  mooijraan  showed  a  similar  inhibition  of  trypsin  by  extracts  of  coruuercial 
dehydrated  alfalfa. 

The  inhibitor  isolated  by  Ramirez  and  Mitchell  (34)  appeared  to  be  a  poly- 
peptide or  a  non-ccagulable  protein  v;hich  is  slot.'ly  heat  labile,  v/hile  the  one 
obtained  by  mooijman  (35)  v;£S  a  saponin-ainino  acid  or  a  saponin-peptide  coiTi- 
plex  V7hich  v;as  extremely  thermostable  and  stable  over  a  v;idc  pH  rs-nge,  at 
least  between  pi]  2  and  pH  12,    Obviously,  these  two  are  different  inhibitors, 
thus,  it  appears  that  more  than  one  inhibitor  can  be  found  in  a  sinslc  source. 

Alfalfa  is  an  important  source  of  protein  and  carotenoids  for  animal  ra- 
tions in  the  United  States,    The  trypsin  inhibitor  might  be  partially  res- 
ponsible for  gron7th  depression  v/hich  has  been  observed  when  alfalfa  meal  is 
added  to  chick  rations  at  more  than  a  ten  percent  level  (27,  34),  T].U!S, 
because  of  its  possible  nutritional  effects,  the  trypsin  inhibitor  of  alfalfa 
seems  v7orthy  of  further  investigation. 


EXPERII-EOTAL 


Assay  of  Trypsin  Activity 

The  proteolytic  activity  of  trypsin  vjas  determined  by  a  raodif ication  of 
the  method  of  Beauchene  et  al  (36 and  Ranires  et  al  (34), 

A  three  percent  solution  of  casein  in  0.107  K  phosphate  buffer,  pH  8,4, 
was  prepared  and  adjusted  to  pK  8.4  v;ith  dilute  sodium  hydroxide,    A  trypsin 
solution  containing  30  mg,  of  trypsin  in  100  ml,  of  0.107  M  phosphate  buffer, 
pH  8,4,  was  prepared  just  before  use.    The  assay  mixture  consisted  of  5  ml.  of 
the  casein  solution  and  2  ml,  of  the  trypsin  solution,    A  final  volume  of  15 
ml.  v;as  obtained  by  adding  either  distilled  water  or  inhibitor  solution.  The 
final  assay  mixture  v.'as  0,05  M  with  respect  to  phosphate. 

The  reaction  mixture  was  placed  in  a  v.'ater  bath  maintained  at  37  C,, 
After  four  hours,  5  ml.  of  10  percent  trichloroacetic  acid  were  added  to  pre- 
cipitate the  trypsin  and  the  undigested  casein.    The  sample  was  filtrated  and 
the  filtrate  V7as  adjusted  to  pPI  7  with  40  percent  sodium  hydroxide.    Five  ml. 
of  the  filtrate  v;ere  placed  in  a  15  ml.  graduated  centrifuge  tube  and  5  ml.  of 
a  suspension  of  copper  phosphate  in  pH  9,1  borate . buffer  (36)  wore  added,  Tlio 
contents  of  the  tube  were  milled  well,  allowed  to  stand  for  5-10  minutes  and 
clarified  by  centrif usation.    The  absorbance  of  the  supernatant  solution  was 
measured  at  620  mu  v.'ith  a  Eeckman  DU  Spectrophotometer,    A  standard  curve 
(Fig.  1)  'was  prepared  by  carrying  known  amounts  of  alanine  through  the  pro- 
cedure. 

Protein  Determination 
The  protein  contein  of  the  isolated  inhibitor  was  determined  with  laller' 
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mg  of  amirao  fiitrogsrs 

Fig,  1.    Standard  curve  for  assay  of  trypsin  activity. 
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(37)  Eiodification  of  the  Folin-J^'OVTry  method  (30,  39 )e 

Folin  reagent  v;as  prepared  by  inijrins  100  g.  sodiur,!  tungstate,  25  g.  so- 
dium molubdate,  700  ml.  vjater,  50  ml,  85  percent  phosphoric  acid  and  100  ml, 
concentrated  hydrochloric  acid  and  rcfliixing  gently  for  ten  hours.    Then  150 
go  lithium  sulfate,  50  nl,  vjater  and  a  fevj  drops  of  liquid  bromine  vjere  added. 
The  solution  ;,'as  boiled  15  minutes  to  remove  the  excess  brornine,  cooled,  di- 
luted to  1000  r.il.,  and  filtered  through  a  sintered  glass  funnel.    The  reagent 
v.'as  stored  in  a  refrigerator  and  protected  froni  any  potential  reducing  ma- 
terials.   One  part  of  this  solution  v;af;  raised  with  ten  parts  of  distilled 
v.'ater  before  use» 

Alkaline  copper  reagent  v^as  prepared  from  tv;o  solutions: 

Solution         0,2  percent  CuSO^.SIi^O  in  0,6  percent  tris(hydroxymethyl)- 
arainorae  thane. 

Solution  B->  10  percent  Na^CO^  in  0.5  N  NaOH. 

A  small  quantity  of  allcalino  copper  reagent  v;as  prepared  as  needed  by 
adding  one  part  of  solution  A  to  ten  parts  of  solution  3.    ITiis  combined  so- 
lution has  a  useful  life  of  three  days. 

Miller's  modification  method  v;as  carried  out  by  adding  1.0  ml.  of  al- 
kaline copper  reagent  to  1.0  vl.  of  protein  solution.    The  solution  v;as  mi::ed 
and  allcv;ed  to  stand  for  10  ninutes.    Then,  3.0  ml.  of  Folin  reagent  were 
added  by  rapidly  blowing  most  of  the  contents  from  a  3-ml.  voluriictric  pipet 
directly  into  the  tube  and  mixing.    The  last  of  the  reagent  vas  allowed  to 
drain  from  the  pipet  as  usual  to  complete  the  3  ml,  addition.    After  mixing, 
the  tuba  v.'as  placed  in  a  water  bath  at  approximately  SO^G,  fcr  10  minutes. 
The  solulicn  was  cooled  to-  roon)  temperature  and  its  absorbance  was  measured 
at  650  nu.    A  blank  was  prepared  by  replacing  the  protein  solution  with 
water. 
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A  solution  containing  200  V/r.il.  of  bovine  seruri  albumin  was  used  (:o  pre- 
pare the  standard  curve  which  is  shotm  in  Fig.  2, 

Fractionation  of  Trypsin  Inhibitor 

Extraction, 

T\-.'o  ICg,  of  commercial  dehydrated  alfalfa  ncal  were  defatted  by  er^ctraction 
with  8  1,  of  acetone  and  then  three  times  x/ith  8  1,  of  80  percent  aqueous 
ethanol.    The  defatted  alfalfa  v;as  dried  at  rooni  temperature  for  a  fev?  days. 
Ten  1,  of  0.25  N  sulfuric  acid  vq-q  added  and  the  mixture  v;as  allowed  to  stand 
overnight.    The  extract  v;as  collected  by  filtration  through  a  piece  of  cheese 
cloth  and  was  clarified  by  centrif ugation  at  2000  g,  for  20  minutes.    The  inhi- 
bitor V7as  precipitated  from  the  clear  extract  by  adding  solid  arr.nionivini  sulfate 
to  70  percent  saturation.    After  standing  overni;^;ht,  the  precipitate  v.'as  re- 
covered by  centrif ugation  at  4000  g.  for  10  r.iinutes.    The  precipitate  v;as  dis- 
solved in  a  Ciinima'a  amount  of  distilled  water.    The  solution  v?as  dialyzed 
against  running  tap  v/ator  for  48  hours  and  then  was  equilibrated  vdth  dis- 
tilled v.'ater.    Finally,  the  extract,  which  will  be  referred  to  as     crude  pre- 
paration", v;as  frozen  and  kept  in  that  state  vmile  awaiting  further  fractio- 
nation by  colu-^tn  chrocmtography, 
DKAS-cellulose  colU'-jn  chr ornato^f^re phy , 

The  DSAS-cellulose  colunn  was  prepared  according  to  the  method  of  Peterson 
and  Sober  (40),    The  adsorbent  v/as  allowed  to  sink  into  a  1  N  NaOH  solution. 
The  suspension  was  filtered  and  v;ashed  V7ith  1  N  NaOH  solution  until  all  color 
was  removed.    This  v;as  follovjod  by  the  addition  of  1  H  IIGl  to  make  a  strongly 
acidic  suspension.     Irro-ncdiately  after  the  addition  of  acid,  the  suspension  was 
filtered.    Tl.'e  cake  then  v;as  resuspanded  in  1  N  NaOH,  the  suspension  was  fil- 
tered, wash3d  free  of  alkali  v/ith  distilled  water,  and  finally  suspended  in 
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mg  of  BSA 

Figo  2o    Standard  curve  for  spectrophotonetric  deterrrdnation  of  protein. 


9 


the  st-irinr^.  buffer. 

A  chromatographic  col'oran  was  prepared  by  covering  a  one-hole  rubber 
stopper  with  a  piece  of  400-Tiissh  nylon  and  forcing  the  stopper  into  one  end  of 
a  12  X  1  inch  glass  tube,    A  delivery  tube  was  inserted  into  the  hole  of  the 
rubber  s'coppero    The  cxlsorbent  suspension  was  poured  into  the  colunin  until  the 
final  length  of  the  adsorbent  bed  v;as  9  inches.    The  crude  preparation,  which 
had  been  equilibrated  in  the  starting  buffer  and  centrifuged,  was  placed  on  the 
column  and  the  colunn  was  eluted  v;ith  NaCl  and  0,01  M  citrate  buffer  pll  3,0, 
using  an  open  volume  KaCi  gradient  design  (41,  42),    The  elute  was  collected  in 
5  ml,  fractions,  and  the  absorbance  of  each  fraction  was  measured  v;ith  a  Beck- 
man  BU  Spectrophotometer  at  280  inu  v/ith  a  0,6  ram  slit. 

The  elute  pattern  is  shovm  in  Fig,  3,    Fractions  were  conbincd  in  such  a 
manner  that  peaks  A,  B,  C,  and  D  were  contained  in  separate  solutions.  These 
were  dialyzed  and  then  concentrated  by  evaporation  in  the  dialysis  tubing  hunj 
in  front  of  an  electric  fan„    Tlie  inhibitory  actj.vity  of  each  solution,  and  the 
crude  preparation  was  measured.    The  protein  content  of  each  fraction  v;as  de- 
termined.   The  data  for  inhibitory  activity  and  protein  content  are  shc'./n  in 
Table  I  and  Table  II, 

Froa  these  data,  it  is  obvious  that  only  the  crude  preparation  and  peak  A 
weire  inhibitory.    Therefore,  additional  amounts  of  peak  A  v;ere  collected  by 
chromatographic  separation  of  additional  portions  of  the  crude  preparation  and 
were  used  in  further  purification  studies, 

Tlie  fold  of  purification  Cu  peak  A  by  DPAE-cellulor-e  colutin  can  be  calcu- 
lated as  follov7s: 

p^j^  (arninq  nitrogeTi  decrcase/in.-?^,  of  protein)  of  piak  A   

(amino  nitrogen  dccrease/rcg,  of  protein)  of  crude  preparation 

V7hero  "araino  nitrogen  decrease"  is  the  difference  between  amino  acid  released 
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Table  II,  Protein  ccatont  of  the  crude  inhibitor  preparation  and  of  Its 
fractions  obtained  by  DEAE-cellulose  colunn  chrcmtography  at 
pH  3.0 

Fraction  ^^'^^  Absorbance  rag  of  protein 

in  assay  at  550  mu  per  ml 


none 

0 

0 

0 

preparation 

0.2 

0.329 

0.A40 

peak  A 

1.0 

0.258 

0.068 

peak  B 

1.0 

0.C51 

0.008 

peak  C 

1.0 

0.131 

0.032 

peak  D 

1.0 

0.0A4 

0,066 
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from  casein  by  trypsin  and  the  ixraonut  released  by  trypsin  in  the  presence  of 
the  inhibitor. 

The  follo\;ing  data  are  from  Table  I  and  Table  II: 

mg.  amino  nitrogen  decrease  caused  by  1  ml,  of  peak  A  added  ~  0»060 
mg.  of  protein  per  mIo  of  peak  A  -  0,068 

nig,  amino  nitrogen  decrease  caused  by  1  lal.  of  crude  preparation 

added  -  0.103 

r.ig,  of  protein  per  lal,  of  crude  preparation  =  0,440 

Therefore,  the  fold  of  purification  of  peal;  A  is: 

0.060    <^    0.  -05 
0.06S    •  "o.l-'iO  " 

Since  peak  A  v.'as  the  only  fraction  v;hicii  v/as  inhibitory,  an  effort  v;as 
made  to  test  its  homogeneity  by  disc  electrophoresis.    The  experiraant  uas  per- 
forr.ed  at  pH  8.2-8.4  with  a  Cam-'.lco  I'odel  6  Disc  Electrophoresis  apparatus  by 
following  the  instruction  manual  prepared  by  the  manufacturer.  Canal  Indus- 
trial Corporation,  Bethesda,  K...    As  sho\,'n  in  Plate  I,  there  wece  four  bands 
on  the  electrophoresis  gel.    TIius,  further  fractionation  v/as  necessary  to 
achieve  greater  purity. 

The  peak  A  fraction  v:as  dialj'zed,  concentrated  by  evaporation  in  the  dia- 
lysis tubing  by  hanging  in  front  of  an  electric  fan  and  equilibrated  in  the 
buffer  v;hich  was  to  be  used  as  the  eluting  agent  described  below.    The  frac- 
tion then  V7as  rechromatographod  on  a  DE_NS-coHuloso  colurji  and  eluted  vlth 
NaCl  and  0.05  M  Tris-I'^l  buffer,  pH  S.2.    A  stepwise  NaCl  gradient  elution 
was  used.    The  chrc:  ;-;tographic  imttorn  is  shovm  in  Fig,  4,    Fractions  A'  to 
H'  were  collected  and  their  inhibitory  activities  and  protein  contents  v/ere 
determined  in  the  sarne  nannsr  as  described  earlier.    The  data  are  shoim  in 
Table  III  and  Table  IVo    From  these  tv;o  tables,  it  is  apparent  that  the 


EXPLANATION  OF  PLATE  I 
Disc  electrophoresis  pattern  of  peak  A  obtained  by  DEAS-celJ.ulose 
column  chroinatosfaphy. 
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.  Table  IV,    The  protein  contei-it  of  peak  A  and  various  fraction?  obtained  from 
it  by  DEAE-collulose  column  chro^iatography  at  pH  8,2, 

ml.  used  Absorbance  mg  of  protein 

Fraction  ^^^.^^  ^^^^  ^^j^ 


none 

0 

0 

0 

peak  A 

1.0 

0.403 

0.112 

peak  A' 

1.0 

0.083 

O.OIS 

peak  B' 

1.0 

0.058 

O.OiO 

peak  C 

1.0 

0.036 

0,019 

peak  D ' 

1»0 

0.075 

0,016 

peak  E« 

1.0 

0.079 

0.017 

peak  F' 

1.0 

0.050 

0.011 

peak  G ' 

1.0 

0.096 

0.021 

peak  H' 

1.0 

0.070 

O.OlA 

19 


fractions  which  exhibit  nianificant  inhibition  are  found  in  peak  A  and  peal;  A'. 
The  fold  of  purification  of  peak  A'  fraction  can  be  calculated  as  follo-./s: 

Fold  ox  purification  ~  -  3.4 

Additional  amounts  of  peak  A'  fraction  v/ere  colXected  by  chronatosraphic 
separations  of  additional  portions  of  the  peak  A  fraction.    The  peak  A'  frac- 
tions v.'cre  combined  and  the  solution  was  dialyzed,  concentrated  in  dialysis 
tubing  hanging  in  front  of  an  electric  fan  and  lyophilized.    The  lyophilized 
prepa.ration  v/as  used  to  study  the  nature  of  the  inhibitor. 

Nature  of  Inhibitor 

Glycoprotein. 

The  possibility  of  carbohydrate  being  present  in  the  isolated  inhibitor 
was  tested  by  the  r.ethod  of  Dubois  et  al  (43),    One  nl.  of  5  percent  phenol 
V7as  added  to  one  nl,  of  inhibitor  solution  containing  0,5  mg  of  isolated  inhi- 
bitor.   Five  lal,  of  ?6  percent  sulfuric  acid  then  were  added  v.'ith  constant 
nixing.    After  ten  minutes,  the  tube  again  was  shaken  and  placed  in  a  vjater 
bath  at  25-30  C,  for  20  ninutes.    Carbohydrate  presence  is  indicated  by  an 
orange  color  which  develops  in  the  reaction  rji::ture.    The  lyophilized  pea.k  A' 
fraction  was  found  to  contain  carbohydrate  by  this  test.     It  inay  be  present  as 
glycoprotein}  since  other  inhibitors  have  been  shown  to  be  glycoprotein. 
Thermos tabi 1 i  ty . 

A  solution  was  prepared  containing  1.5  mg,/ul.  of  lyophilized  inhibitor. 
The  solution  was  heated  at  93  C.  in  a  vjater  bath.    A  water-cooled  condenser 
V7as  attached  to  the  flask  to  prevent  evaporation.    Six  ral.  sa.rn.ples  v;ere  v/ith- 
drawn  after  0,  0,5,  1,  3,  5.  and  7  hours  of  heating.    Tour  ml,  of  each  so- 
lution were  used  for  inhibitory  assay  after  the  solutions  vjere  cooled  to  room 
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temperature.    All  solutions  were  assayed  simultaneously  by  the  method  des- 
cribed earlier.    Data  are  shown  in  Table  V,    From  this  table,  it  is  obvious 
that  the  isolated  inhibitor  is  slowly  heat  labile, 
Iyj2Pi  l^nhibition. 

The  inhibition  v;as  studied  by  the  double  reciprocal  method  of  Linev;eaver 
et  al  in  an  effort  to  determine  the  type  of  inhibition.    In  this  method 

the  inhibitor  concentration  is  held  constant  and  the  inhibitory  effect  is  mea- 
sured by  varying  the  substrate  concentration.    Thus,  100  ml,  of  5  percent  ca- 
sein in  0,107  M  phosphate  buffer  pH  8. A  v;as  prepared  and  adjusted  to  pU  8,4 
vjith  dilute  sodiuai  hydroxide  solution.  Solutions  containing  4,  3,  2,  1,  and 
0,5  percent  casein  then  v/ere  prepared  by  appropriate  dilution.    The  reni?.inder 
of  the  experiment  was  carried  out  as  described  earlier,  except  that  the  re- 
action tir.'i  used  in  this  study  v;as  2,5  hours  instead  of  4  hours. 

The  experimental  data  are  sho'.m  in  Table  VI,    From  these  values  1/3  and 
1/V  v;cre  calculated,  and  a  plot  vas  prepared  as  shov.'n  in  Fig,  5  according  to 
the  double  reciprocal  nethod  of  Line'.Jeaver  et  al.     It  v.'as  concluded  that  the 
inhibition  vJas  non-competitive, 
Honogeneit^, 

The  homogeneity  of  the  lyophilized  peak  A*  fraction  v;as  investigated  by 
gel  electrophoresic  as  described  above.    There  were  tv;o  bands  on  the  electro- 
phoresis gel,  as  shc.'n  in  Hate  II,    Thir.  indicates  that  the  isolated  inhi- 
bitor still  was  not  honogeneous, 

DISCUSSION 

i 

Although  the  purified  inhibitor  preparation  contains  carbohydrate,  it 
possibly  may  be  present  as  an  impv:rity  rather  than  as  part  of  the  inhibitor. 
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Table  V.    Effect  of  heating  on  activity  oJ:  inhibitor 

Heating  time       ml,  of  inhibitor       Trypsin         Absorbanca  Percent 
in  hoars  used  in  as?ay  solution       at  620  t,iu  inhibition 


0 

0 

heated 

0 

II 

II 

unheatcd 

0.24S 

II 
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0 

tl 
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unheated 
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39 

0.5 

II 
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19 
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Fis.  5»    Double  reciprocal  plot  of  ths  data  of  Table  VI. 


EXPLANATIOrj  OF  PLATE  II 
Disc  electrophoresis  pattern  of  peak  A', 
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PLATS  II 
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this  night  be  studied  by  sephadex  gel  filtration-  v.'hereby  components  of  di- 
fering  molecular  v/eights  can  bo  separated.    It  v.'ould  be  necessary  to  measure 
absorbance  of  the  fractions  at  2S0  mu  and  to  test  then  for  the  presence  of 
carbohydrate.    By  conparin^  the  patterns  of  these  two  measurements  during 
elution,  it  should  be  possible  to  gain  information  regarding  the  glycoprotein 
nature  of  the  inhibitor. 

It  was  shown  by  gel  electrophoresis  that  the  isolated  inhibitor  Vvas  not 
homogeneous.     It  is  not  knov.'n  v;hich  of  the  bands  on  the  gel  colunm  is  the  in- 
hibitor.   This  problem  might  be  solved  by  performing  electrophoresis  vrith 
several  large  columns  under  comparable  conditions.    One  coluim  could  be 
stained  to  determine  the  positions  of  the  coi.iponents.     Using  the  stained  co- 
lumn as  a  guide,  the  others  could  be  sliced  to  separate  the  two  components. 
Each  component  than  could  be  clute  and  assayed  for  inhibitory  activity.  Mul- 
tiple columns  probly  would  be  necessary  to  obtain  enough  of  each  fraction 
for  an  inhibitory  assay. 

Nothing  is  hnora  about  a  relationship  between  plant  growth  end  inhibitor 
concentration*    Hence,  further  studies  of  the  inhibitor  also  should  include  its 
distribution  in  the  plant  and  changes  in  inhibitory  activity  as  the  plant  de- 
velops.   Ultimately,  a  sufficient  amount  of  the  inhibitor  should  be  isolated 
that  its  in  vitro  activity  can  be  determined  by  controlled  animal  grov/th  e:c- 
periment, 

sum:jaiiy 

A  study  v.'as  made  of  a  trj'psin  inhibitor  in  the  vegetative  portion  of 
alfalfa.    Alfalfa  meal  V7as  extracted  with  acetone  and  ethanol  to  remove  lipids 
and  chlorophyll.    The  inhibitor  then  was  isolated  by  extraction  \;ith  acidic 
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water  and  precipitation  with  aninoniura  sulfate.    It  was  purified  further  by 
DEAS-cellulosa  chroriatography, 

A  double  reciprocal  study  indicated  the  substance  to  be  a  non-conpetitive 
inhibito?-'.    It  v;as  inactivated  slcv;ly  by  heatlns  in  aqueous  solution.  Its 
elcctropiioretic  behavior  and  its  poKitive  reaction  both  with  Folin  reagent  and 
phenol-sulfuric  acid  indicated  it  to  be  a  polypeptide-carbohydrate  ccmples  or 
a  glycoprotein. 
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It  has  been  demonstrated  th.-'.t  aqueous  extracts  of  fresh  alfalfa  f erase 
inhibit  the  digection  of  casein  by  trypsin  in  vitro,  and  that  a  similar  inhi- 
bition of  trypsin  is  observed  by  e>:tracts  of  commercially  dehydrated  alfalfa. 
The  inhibitor  socrns  to  withstand  the  heat  during  the  process  of  dehydration. 
An  effort  V7as  made  in  this  investigation  to  devise  a  procedure  for  isolation 
of  the  inhibitory  substance  and  to  study  its  chemical  nature  and  mode  of 
action. 

Hie  inhibitory  activities  of  extracts  of  alfalfa  V7ere  determined  by 
measurins  the  decrease  in  the  amount  of  amino  acids  released  during  the  in 
vitro  hydrolysis  of  casein  by  trypsin  v;hen  the  extracts  were  added,  Amino 
acids  were  determined  by  complex  formation  v/ith  copper  by  adding  copper  phos- 
phate suspension  to  the  deproteinized  hydrolysate.    The  blue  amino  acid-copper 
complex  V7as  measured  at  620  cm  spectrophotonetrically. 

The  protein  content  of  inhibitor  V7as  determined  by  the  Folin-Lov7ry  method. 
The  color  fornod  by  the  Folin-Lowry  reagent  is  due  to  the  reaction  of  protein 
v/ith  alkaline  copper  in  the  reagent  and  to  the  reduction  of  phosphonolybdate 
and  phosphotungstate  in  the  reagent  by  the  tyrosine  and  tryptophan  of  the  pro- 
tein.   The  intense  blue  color  formed  V7as  measured  at  650  mu  V7ith  a  Beckman  DU 
Spectrophotometer. 

The  procedures  involved  in  the  isolation  of  inhibitor  \7erc  as  follov7s: 
Alfalfa  meal  V7as  extracted  V7ith  acetone,  and  ethanol  to  remove  lipids  and 
chlorophyll.    The  inhibitor  then  V7as  isolated  by  extraction  \;ith  acidic  v/ater 
and  precipitation  v/ith  ammonium  sulfate.    It  V7as  furtlier  purified  by  DEAE- 
cellulose  column  chromatography,  •  »*  . 

The  homogeneity  of  the  isolated  inhibitor  ^7as  investigated  by  means  of 
disc  electrophoresis.    The  possibility  of  carbohydrate  being  present  in  the 
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isolated  inhibitor  was  studied  V7ith  the  phcnol-sulf uric  acid  carbohydrate,  test. 
Experimental  results  showed  that  the  isolated  inhibitor  was  not  homogeneous  and 
that  it  contained  carbohydrate. 

The  type  of  inhibitor  wa,s  studied  by  the  double  reciprocal  method  of 
Linevreaver  et  al.    It  V7as  concluded  that  the  inhibition  v/as  non-competitive, 
A  thermostability  study  showed  that  the  inhibitor  lost  its  inhibitory  activity 
gradually  v;hen  it  V7as  heated  in  aqueous  solution.    Its  electrophoretic  behavior 
and  its  positive  reaction  both  v/ith  Folin  reagent  and  phenol-sulfuric  acid  3.n- 
dicated  it  to  be  a  polypeptide-carbohydrate  complex  or  a  glycoprotein. 


